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1
ANTENNA

TECHNICAL FIELD

The present disclosure relates to the communication field,
and in particular to an antenna.

BACKGROUND

An antenna is a device capable of enabling an inter-
conversion between a radio frequency signal and an elec-
tromagnetic wave in a radio frequency band, and is an
extremely important component in a communication system.
The antenna may include an omnidirectional antenna and a
directional antenna according to different directionalities.
The omnidirectional antenna has a non-directional electro-
magnetic wave radiation, and the omnidirectional antenna
uniformly radiates electromagnetic waves within 360° in a
horizontal direction in an ideal state. The directional antenna
has a directional electromagnetic wave radiation, i.e. radi-
ates electromagnetic waves in a certain angular range in the
horizontal direction. A parameter, such as a radiation direc-
tion of an antenna in a horizontal direction, radiation field
coverage of an antenna in a horizontal direction or the like,
may be characterized by means of a horizontal radiation
pattern. Regardless of an omnidirectional antenna or a
directional antenna, the radiation field coverage in the hori-
zontal direction is one of important parameters for showing
the performance of the antenna.

In the prior art, an antenna has a structure as shown in
FIG. 1, and mainly includes a bottom plate 1, a substrate 2,
a radiation element 3 and a signal transmission line 4. The
bottom plate 1 is generally horizontally connected to a
mounting body (such as an indoor ceiling); the substrate 2 is
fixedly connected to the bottom plate 1 in a vertical direc-
tion; the radiation element 3 is disposed on the substrate 2;
one terminal of the signal transmission line 4 is electrically
connected to the radiation element 3, the other terminal of
the signal transmission line 4 extends to the bottom plate 1;
and the radiation element 3 is electrically connected to a
feed-forward circuit of a device including the antenna
through the signal transmission line 4. The radiation element
3 is used as a monopole oscillator. In order to supply power
to the monopole oscillator, it is generally necessary for the
entire bottom plate 1 to be made of a metal material and to
be grounded.

However, the bottom plate 1 made of the metal material
may reflect electromagnetic waves radiated from the radia-
tion element 3 to a certain extent (as shown in FIG. 2), so
that the reflected electromagnetic waves propagate in an
upward inclined direction, which results in a reduction of the
radiation field coverage in the horizontal direction, indicat-
ing that a coverage of a lobe in the horizontal radiation
pattern is reduced, and a lobe in a vertical radiation pattern
is upwarped, so that the performance of the antenna is
adversely affected.

SUMMARY

The present disclosure is directed to solve at least one of
the technical problems in the prior art, and provides an
antenna, in which a ground electrode is attached to a surface
of a substrate, and the ground electrode does not shield a
radiation element in a direction parallel to a plane where a
bottom plate is located, so as to prevent the ground electrode
from reflecting electromagnetic waves radiated from the
radiation element, thereby solving a problem that a radiation
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field in a horizontal direction is adversely affected when the
bottom plate is used as a ground component, and advanta-
geously ensuring the performance of the antenna.

An embodiment of the present disclosure provides an
antenna, including a bottom plate for being connected with
a mounting body and an antenna body on the bottom plate,
wherein the antenna body includes: a substrate fixedly
connected to the bottom plate; wherein a plane where the
substrate is located intersects with the bottom plate; a
radiation element on the substrate; and a feeding structure
configured to transmit radio frequency signals to the radia-
tion element and/or receive radio frequency signals from the
radiation element and including a signal electrode and a
ground electrode on a surface of the substrate; wherein the
signal electrode is electrically connected to the radiation
element; and on a reference plane perpendicular to the
bottom plate, an orthographic projection of the ground
electrode is spaced apart from an orthographic projection of
the radiation element, and is entirely located between the
orthographic projection of the radiation element and the
bottom plate.

For the antenna according to the embodiment of the
present disclosure, the ground electrode is approximately
located between the radiation element and the bottom plate,
and the ground electrode does not shield the radiation
element in a direction parallel to the plane where the bottom
plate is located. Normally, the signal electrode is electrically
connected to the device including the antenna at the bottom
plate, so that it can be considered that a radio frequency
current is introduced from the bottom plate. The ground
electrode is approximately located between the radiation
element and the bottom plate, so that a power supply
requirement for the monopole oscillator can be met.

Compared with the embodiment in which a bottom plate
is used as a ground component in an antenna in the related
art, in the embodiment of the present disclosure, the ground
electrode is attached to the surface of the substrate, so that
the electromagnetic waves radiated by the radiation element
can be effectively prevented from being reflected from
below, and the reduction of the radiation field coverage in
the direction parallel to the plane where the bottom plate is
located due to the reflection is avoided. In addition, the
ground electrode does not shield the radiation element in the
direction parallel to the plane where the bottom plate is
located, so that the electromagnetic waves radiated by the
radiation element can be further prevented from being
reflected laterally, and the reduction of the radiation field
coverage in the direction parallel to the plane where the
bottom plate is located and the poor uniformity of the
distribution for the radiation field caused by the reflection
can be avoided. If the bottom plate is horizontally installed
on the mounting body, “the direction parallel to the plane
where the bottom plate is located” is the horizontal direction.

Therefore, the ground electrode can realize the grounding
without reflecting the electromagnetic waves radiated by the
radiation element, so that a propagation direction of the
electromagnetic waves is prevented from being changed due
to the reflection of the ground electrode, the influence on the
radiation field in the horizontal direction is avoided, and the
performance of the antenna is ensured.

In some examples, the substrate includes a first surface
and a second surface opposite to each other; the ground
electrode includes a first ground electrode and a second
ground electrode; the signal electrode, the first ground
electrode and the second ground electrode are on the first
surface; and the first ground electrode and the second ground
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electrode are on both sides of the signal electrode, respec-
tively, and are spaced from the signal electrode.

In some examples, the radiation element is a radiation
patch on the first surface; a first terminal of the signal
electrode is electrically connected to the radiation patch; a
second terminal of the signal electrode extends to a position
close to the bottom plate along a first direction; and the
radiation patch and the ground electrode are spaced from
each other along the first direction.

In some examples, the radiation patch includes a first
edge, a second edge, and a third edge on a side of the
radiation patch close to the ground electrode and connected
in sequence; and the signal electrode is electrically con-
nected to the second edge; the first ground electrode includes
a fourth edge toward the first edge in the first direction; and
the second ground electrode includes a fifth edge toward the
third edge in the first direction; wherein in a second direction
perpendicular to the first direction, a distance between the
first edge and the fourth edge gradually increases along a
direction away from the signal electrode, and a distance
between the third edge and the fifth edge gradually increases
along a direction away from the signal electrode.

In some examples, the first edge and the fourth edge are
both disposed obliquely in opposite directions with respect
to the second direction; and/or the third edge and the fifth
edge are both disposed obliquely in opposite directions with
respect to the second direction.

In some examples, the first ground electrode further
includes a sixth edge toward the second edge in the first
direction, the sixth edge is parallel to the second edge;
and/or the second ground electrode further includes a sev-
enth edge disposed toward the second edge in the first
direction, the seventh edge is parallel to the second edge.

In some examples, a wavelength corresponding to a
center frequency of an operating frequency band of the
antenna is a reference wavelength; a size of the first edge in
the second direction is 0.14 to 0.16 times of the reference
wavelength, and/or a size of the third edge in the second
direction is 0.14 to 0.16 times of the reference wavelength,
and/or a size of the fourth edge in the second direction is
0.25 t0 0.27 times of the reference wavelength, and/or a size
of' the fifth edge in the second direction is 0.25 to 0.27 times
of the reference wavelength, and/or a minimum distance
between the first edge and the fourth edge is 0.014 to 0.015
times of the reference wavelength, and/or a minimum dis-
tance between the third edge and the fifth edge is 0.014 to
0.015 times of the reference wavelength, and/or a maximum
distance between the first edge and the fourth edge is 0.27
to 0.3 times of the reference wavelength, and/or a maximum
distance between the third edge and the fifth edge is 0.27 to
0.3 times of the reference wavelength.

In some examples, a wavelength corresponding to a
center frequency of an operating frequency band of the
antenna is a reference wavelength; a size of the radiation
patch in the first direction is 0.41 to 0.45 times of the
reference wavelength, and/or a size of the radiation patch in
the second direction perpendicular to the first direction is
0.55 to 0.6 times of the reference wavelength.

In some examples, the radiation patch is divided into two
parts by an extension line of a central line of the signal
electrode, and the two parts are of bilateral symmetry with
respect to the signal electrode; and/or the first ground
electrode and the second ground electrode are of bilateral
symmetry with respect to the signal electrode.

In some examples, the substrate includes a first surface
and a second surface opposite to each other; the signal
electrode is on the first surface; the ground electrode is on

10

15

20

25

30

35

40

45

50

55

60

65

4

the second surface; and the signal electrode and the ground
electrode at least partially correspond to each other in a
thickness direction of the substrate.

In some examples, the antenna is an omnidirectional
antenna; and/or a polarization of the antenna is a vertical
polarization.

In some examples, the plane where the substrate is located
is perpendicular to the bottom plate; and a surface of the
substrate forms the reference plane.

In some examples, the radiation element is a radiation
patch; the substrate is transparent; the antenna body further
includes a transparent conductive film; the transparent con-
ductive film includes a metal conductive layer, a transparent
substrate layer and a transparent adhesive layer sequentially
stacked; wherein the metal conductive layer is etched to
form the radiation patch, the signal electrode, and the ground
electrode in a mesh, so that the radiation patch, the signal
electrode, and the ground electrode are all transparent; the
transparent adhesive layer is used for adhering with the first
surface and/or the second surface of the substrate.

In some examples, a thickness of the metal conductive
layer is in a range of 1 micron to 10 microns, and/or a line
width of the mesh formed by the metal conductive layer is
in a range of 2 microns to 30 microns, and/or a line spacing
of the mesh formed by the metal conductive layer is in a
range of 50 microns to 200 microns.

In some examples, the antenna further includes a signal
transmission structure a signal transmission structure, which
penetrates from a side of the bottom plate close to the
mounting body to a side of the bottom plate where the
antenna body is disposed; wherein the signal transmission
structure includes a first conductive portion and a second
conductive portion insulated from each other; when the
metal conductive layer is etched, a first solid metal portion
and a second solid metal portion are formed by remaining,
and are electrically connected to the signal electrode and the
ground electrode, respectively; the first conductive portion
electrically cooperates with the first solid metal portion to
enable the signal electrode to transmit radio frequency
signals; and the second conductive portion electrically coop-
erates with the second solid metal portion to enable the
ground electrode to be grounded.

In some examples, the antenna further includes an outer
cover and a fixing structure; wherein the outer cover is
covered above the bottom plate and is covered on the outside
of the antenna body; and the fixing structure is used for
connecting the antenna body and the bottom plate, and/or for
connecting the outer cover and the bottom plate, and/or for
connecting the bottom plate and the mounting body; wherein
the bottom plate, the outer cover and the fixing structure are
all transparent.

In some examples, the fixing structure includes an
antenna body positioning element and a fastener; the
antenna body positioning element includes a first connection
portion and a second connection portion with an angle
therebetween; the first connection portion is connected to the
first surface and/or the second surface of the substrate
through the fastener, and the second connection portion is
connected to the bottom plate through the fastener.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a schematic diagram of a structure of an antenna
in the related art;
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FIG. 2 is a schematic diagram illustrating a state in which
a bottom plate of the antenna of FIG. 1 reflects electromag-
netic waves radiated from a radiation element of the
antenna,

FIG. 3 is a schematic diagram of a structure of an antenna
according to an embodiment of the present disclosure;

FIG. 4 is a schematic diagram of a structure of an antenna
body, a bottom plate and a fixing structure of the antenna of
FIG. 3;

FIGS. 5 to 7 are schematic diagrams of a structure of an
antenna body of the antenna of FIG. 3, wherein FIG. §
mainly shows a positional relationship among components
in the antenna body, and FIGS. 6 and 7 mainly show a
positional relationship among edges of a radiation patch and
a ground electrode, and sizes of the edges of the radiation
patch and the ground electrode;

FIG. 8 is a schematic diagram of a structure of an antenna
body of another antenna according to the embodiment of the
present disclosure, where a radiation patch and a ground
electrode of the antenna body have structures different from
those of the antenna body in the above embodiments;

FIG. 9 is an enlarged view of a point A in FIG. 4;

FIG. 10 is a schematic diagram of a structure of an
antenna according to another embodiment of the present
disclosure;

FIG. 11 is a schematic diagram of a structure of the
antenna of FIG. 10 from another perspective;

FIG. 12 is a schematic cross-sectional view of a trans-
parent conductive film of an antenna according to an
embodiment of the present disclosure;

FIG. 13 is a schematic diagram of a structure of a single
mesh formed by etching a metal conductive layer of a
transparent conductive film of FIG. 12;

FIG. 14 is a schematic diagram of a S11 characteristic
(i.e., a return loss characteristic) obtained through a simu-
lation using the antenna of FIG. 3; and

FIG. 15 is a horizontal radiation pattern obtained through
a simulation using the antenna of FIG. 3.

DETAIL DESCRIPTION OF EMBODIMENTS

In order to make objects, technical solutions and advan-
tages of the present disclosure more apparent, the present
disclosure will be described in further detail with reference
to the accompanying drawings. It is apparent that described
embodiments are only some, not all, of embodiments of the
present disclosure. All other embodiments, which may be
obtained by a person skilled in the art without any creative
effort based on the embodiments in the present disclosure,
belong to the protection scope of the present disclosure.

The shapes and sizes of various elements shown in the
drawings are not necessarily drawn to scale, but are merely
intended to facilitate an understanding of the embodiments
of the present disclosure.

Unless defined otherwise, technical or scientific terms
used herein shall have the ordinary meaning as understood
by one of ordinary skill in the art to which the present
disclosure belongs. The terms “first”, “second”, and the like
used in the present disclosure are not intended to indicate
any order, quantity, or importance, but rather are used for
distinguishing one element from another. Further, the term
“a”, “an”, “the”, or the like used herein does not denote a
limitation of quantity, but rather denotes the presence of at
least one element. The term of “comprising”, “including”, or
the like, means that the element or item preceding the term
contains the element or item listed after the term and its
equivalent, but does not exclude other elements or items.
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The term “connected”, “coupled”, or the like is not limited
to physical or mechanical connections, but may include
electrical connections, whether direct or indirect connec-
tions. The terms “upper”, “lower”, “left”, “right”, and the
like are used only for indicating relative positional relation-
ships, and when the absolute position of an object being
described is changed, the relative positional relationships
may also be changed accordingly.

The disclosed embodiments are not limited to the embodi-
ments shown in the drawings, but include modifications of
configurations formed based on a manufacturing process.
Thus, areas illustrated in the drawings have schematic
properties, and shapes of the areas shown in the drawings
illustrate specific shapes of the areas of elements, but are not
intended to be limiting.

The embodiment of the present disclosure provides an
antenna, where a specific type of the antenna is not limited,
and the antenna may be an omnidirectional antenna or a
directional antenna; an application scenario of the antenna is
also not limited, and the antenna may be used in indoor
environments and outdoor environments. The antenna may
be used as a transmitting antenna and/or a receiving antenna.

Specifically, when the antenna is used as a transmitting
antenna, the antenna receives a radio frequency signal fed in
by a feed-forward circuit of the device including the
antenna, converts the radio frequency signal into an elec-
tromagnetic wave in a corresponding frequency band, and
radiates the electromagnetic wave into space for propaga-
tion. When the antenna is used as a receiving antenna, the
antenna receives an electromagnetic wave in a certain fre-
quency band, converts the electromagnetic wave into a
corresponding radio frequency signal, and feeds the radio
frequency signal into the feed-forward circuit of the device.
That is, the receiving process of the antenna can be regarded
as an inverse process of the transmitting process. For con-
venience of description, an operation process of the antenna
will be described below by taking the transmitting process of
the antenna as an example.

As shown in FIGS. 3, 4, 10 and 11, in some embodiments,
the antenna includes a bottom plate 10 for being connected
with a mounting body and an antenna body 20 disposed on
the bottom plate 10; the antenna body 20 may be mounted
by connecting the bottom plate 10 with the mounting body.
The specific structure of the mounting body is not limited,
and depends on factors, such as an application scenario of
the antenna or a way of mounting the antenna, or the like.
For example, when the antenna is used in an indoor envi-
ronment, the mounting body may be an indoor ceiling, or
may be a mounting structure provided on an indoor wall and
located in an upper indoor space, or the like. For another
example, when the antenna is used in an outdoor environ-
ment, the mounting body may be a structure that may
position the antenna at a high position, such as an antenna
mast, an antenna tower, or the like that is provided on the
ground.

Further, the antenna body 20 includes a substrate 21, and
a radiation element and a feeding structure 23 provided on
the substrate 21. The substrate 21 is located on a side of the
bottom plate 10 away from the mounting body. The substrate
21 is fixedly connected to the bottom plate 10, and a plane
where the substrate 21 is located intersects with the bottom
plate 10. That is, the substrate 21 is not parallel to the bottom
plate 10. In theory, an angle between the plane where the
substrate 21 is located and the bottom plate 10 (i.e., a smaller
angle formed between the plane where the substrate 21 is
located and the bottom plate 10) is not limited, and may be
any angle. In practice, however, considering the ease of



US 12,294,163 B2

7

assembly between the substrate 21 and the bottom plate 10,
the ease of assembly between the substrate 21 and each of
the radiation element and the feeding structure 23, a require-
ment of the radiation element on the arrangement orienta-
tion, or other factors, generally, the angle between the plane
where the substrate 21 is located and the bottom plate 10
should not be too small, so that the substrate 21 can ideally
extend approximately away from the mounting body with
respect to the bottom plate 10. For example, the angle
between the plane where the substrate 21 is located and the
bottom plate 10 is in a range of 60° to 90°, and is preferably
90°. The substrate 21 is mainly used for supporting the
radiation element and the feeding structure 23. Therefore,
the substrate 21 is generally made of a hard material, so as
to ensure support reliability.

The feeding structure 23 is configured to transmit radio
frequency signals to the radiation element and/or receive
radio frequency signals from the radiation element. It should
be noted that the radiation element of the embodiment of the
present disclosure is used as a monopole oscillator of the
antenna. In order to supply power to the monopole oscillator,
it is necessary to provide a ground component in the feeding
structure 23. Specifically, the feeding structure 23 includes
a signal electrode 231 and a ground electrode 232 disposed
on the surface of the substrate 21, and the signal electrode
231 is electrically connected to the radiation element. The
signal electrode 231 is mainly used for transmitting radio
frequency signals, and the ground electrode 232 is mainly
used for grounding. On a reference plane perpendicular to
the bottom plate 10, an orthographic projection of the
ground electrode 232 is spaced apart from an orthographic
projection of the radiation element, and is entirely located
between the orthographic projection of the radiation element
and the bottom plate 10. That is, the ground electrode 232 is
approximately located between the radiation element and the
bottom plate 10. The ground electrode 232 does not shield
the radiation element in the direction parallel to the plane
where the bottom plate 10 is located (if the bottom plate 10
is mounted horizontally, the direction is the horizontal
direction).

Normally, the signal electrode 231 is electrically con-
nected to the device including the antenna at the bottom
plate 10, so that it can be considered that a radio frequency
current is introduced from the bottom plate 10. The ground
electrode 232 is approximately located between the radiation
element and the bottom plate 10, so that a power supply
requirement for the monopole oscillator can be met.

Compared with the embodiment in which a bottom plate
10 is used as a ground component in an antenna in the related
art, in the embodiment of the present disclosure, the ground
electrode 232 is attached to the surface of the substrate 21,
so that the electromagnetic waves radiated by the radiation
element can be effectively prevented from being reflected
from below, as shown in FIG. 2, and the reduction of the
radiation field coverage in the direction parallel to the plane
where the bottom plate 10 is located due to the reflection is
avoided. In addition, the ground electrode 232 does not
shield the radiation element in the direction parallel to the
plane where the bottom plate 10 is located, so that the
electromagnetic waves radiated by the radiation element can
be further prevented from being reflected laterally, and the
reduction of the radiation field coverage in the direction
parallel to the plane where the bottom plate 10 is located and
the poor uniformity of the distribution for the radiation field
caused by the reflection can be avoided. If the bottom plate
10 is horizontally installed on the mounting body, “the
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direction parallel to the plane where the bottom plate 10 is
located” is the horizontal direction.

Therefore, the ground electrode 232 can realize the
grounding without reflecting the electromagnetic waves
radiated by the radiation element, so that a propagation
direction of the electromagnetic waves is prevented from
being changed due to the reflection of the ground electrode
232, the influence on the radiation field in the horizontal
direction is avoided, and the performance of the antenna is
ensured.

It should be noted that the specific structure of the
radiation element, the connection between the radiation
element and the substrate 21, the orientation of the radiation
element on the substrate 21, and the like are not limited, as
long as the radiation element can realize the feeding in and
feeding out of radio frequency signals through the feeding
structure 23. In addition, the reference plane is perpendicular
to the bottom plate 10. The reference plane may be a virtual
plane, and does not actually exist in the antenna, and is only
used as a reference for determining a positional relationship
between the radiation element and the ground electrode 232.
Alternatively, it will be appreciated that the reference plane
may also be formed by some structure of the antenna. For
example, in some embodiments, the plane where the sub-
strate 21 is located is perpendicular to the bottom plate 10,
the substrate 21 has a first surface and a second surface
opposite to each other, and one surface (the first surface or
the second surface) of the substrate 21 forms the reference
plane.

The electromagnetic wave is formed by moving of an
electric field and a magnetic field in space in a wave form,
wherein the electric field and the magnetic field oscillate in
phase and are perpendicular to each other; and the electro-
magnetic wave has a propagation direction perpendicular to
a plane formed by the electric field and the magnetic field.
An antenna polarization is a parameter describing a spatial
orientation of a vector of an electromagnetic wave radiated
by the antenna. A spatial orientation of a vector of an electric
field (which may be understood as a direction of the electric
field) is generally taken as a polarization direction of the
electromagnetic wave radiated by the antenna. It can be
understood that the direction of the electric field in the
electromagnetic wave radiated by the antenna is related to
factors, such as an orientation of the radiation element in
space, a direction in which the signal electrode 231 feeds the
radio frequency current to the radiation element, or the
specific structure of the radiation element, or the like, after
the antenna is mounted. Therefore, the factors need to be
designed reasonably according to a polarization way
required by the antenna.

In some embodiments, the polarization of the antenna is
vertical, that is, the direction of the electric field in the
electromagnetic wave radiated by the radiation element is
perpendicular to the ground. For the omnidirectional
antenna, compared with the antenna adopting the horizontal
polarization, the antenna adopting the vertical polarization
can realize 360° coverage of a radiation field and improving
a roundness of a horizontal radiation pattern of the radiation
field, thereby improving the coverage uniformity of the
radiation field in the horizontal direction. The roundness of
the horizontal radiation pattern is an index for characterizing
the uniform coverage effect of the omnidirectional antenna,
wherein the “roundness” is related to a deviation of a
maximum level or a minimum level from an average level
in the horizontal radiation pattern. If the “roundness” is
directly reflected into the horizontal radiation pattern, the
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“roundness” is related to a degree that a pattern formed by
all lobes in the horizontal radiation pattern is approximate to
a circle.

FIG. 15 is a horizontal radiation pattern of the antenna in
the embodiment shown in FIGS. 3 to 7. Taking the antenna
in the embodiment shown in FIGS. 3 to 7 as an example, the
antenna is a vertically polarized omnidirectional antenna. It
is apparent from FIG. 15 that the horizontal radiation pattern
may be regarded as having only one lobe with a lobe width
01'360°, that is, the radiation field coverage in the horizontal
direction is 360°. For the horizontally polarized antenna, the
horizontal radiation pattern (not shown in the figures) gen-
erally has at least two lobes, and has a lobe width which
cannot reach 360°. The lobe of the vertically polarized
antenna is generally approximate to a circle, so that the
horizontal radiation pattern has a good roundness, that is, the
coverage uniformity of the radiation field in the horizontal
direction is good. For the horizontally polarized antenna,
uncovered areas inevitably exist between adjacent lobes in
the horizontal radiation pattern, so that the coverage unifor-
mity of the radiation field is relatively poor. In addition,
since the ground electrode 232 of the antenna does not
reflect the electromagnetic wave radiated by the radiation
element, the radiation field in the horizontal direction is not
adversely affected. It can be seen from FIG. 15 that the
coverage of the lobe is large and uniform in the horizontal
radiation pattern.

As shown in FIGS. 3 to 8 and FIGS. 10 and 11, in some
embodiments, the plane where the substrate 21 is located is
perpendicular to the bottom plate 10, and the bottom plate 10
is horizontally mounted on the mounting body, so that the
plane where the substrate 21 is located is perpendicular to
the ground. Since the first surface and the second surface of
the substrate 21 opposite to each other are generally parallel
to the plane of the substrate 21, and are also perpendicular
to the ground. The radiation element is a radiation patch 22
on a surface (the first surface or the second surface) of the
substrate 21; a first terminal of the signal electrode 231 is
electrically connected to the radiation patch 22; and a second
terminal of the signal electrode 231 extends to a position
close to the bottom plate 10 along the first direction, so that
the signal electrode 231 is electrically connected to the
device including the antenna at the position and a radio
frequency current is introduced at the position. The first
direction is perpendicular to the bottom plate 10, that is, the
first direction is perpendicular to the ground. The radio
frequency current is transmitted along the first direction
through the signal electrode 231, and finally, fed into the
radiation element along the first direction. Based on this, by
reasonably designing a shape and a size of the radiation
element (for example, the radiation element is disposed to
extend substantially along the first direction, and the radia-
tion element is symmetrical with respect to the first direc-
tion), it can be realized that the direction of the electric field
in the electromagnetic wave finally radiated by the radiation
element is perpendicular to the ground, that is, the vertical
polarization of the antenna is realized.

It should be noted that a type of the radiation element, the
connection between the radiation element and the substrate
21, and the like are not limited. For example, in other
embodiments not shown in the drawings, the radiation
element is not the radiation patch 22, but a radiation element
having a three-dimensional structure, such as a rod-shaped
radiation element or cap-shaped radiation element, or the
like. In this case, the radiation element may be connected to
the first surface or the second surface of the substrate 21, or
may be connected to a lateral side of the substrate 21. The
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method for realizing the vertical polarization for the antenna
is not limited to this, and other methods may be used to
realize the vertical polarization for the antenna. For
example, in other embodiments not shown in the drawings,
the radiation element is a radiation element having the
three-dimensional structure. In this case, even if the plane
where the substrate 21 is located is not perpendicular to the
ground, the vertical polarization of the antenna can be finally
achieved by reasonably designing the arrangement orienta-
tion of the radiation element on the substrate 21 and the
structure of the radiation element.

As shown in FIGS. 3 to 8, in some embodiments, the
substrate 21 has the first surface and the second surface
opposite to each other; the ground electrode 232 includes a
first ground electrode 2321 and a second ground electrode
2322; the signal electrode 231, the first ground electrode
2321 and the second ground electrode 2322 are disposed on
the first surface; and the first ground electrode 2321 and the
second ground electrode 2322 are respectively located on
two sides of the signal electrode 231 and are spaced from the
signal electrode 231. That is, the signal electrode 231, the
first ground electrode 2321 and the second ground electrode
2322 together form a coplanar waveguide (CPW) transmis-
sion line, through which a transverse electromagnetic wave
(TEM wave) propagates. That is, the TEM wave is an
electromagnetic wave which has an electric field component
and a magnetic field component perpendicular to each other
and both perpendicular to the propagation direction, and has
no cut-off frequency. In the coplanar waveguide transmis-
sion line, a distance between the first ground electrode 2321
and the signal electrode 231 and a distance between the
second ground electrode 2322 and the signal electrode 231
are related to an impedance of a circuit. Therefore, the
impedance of the circuit can be changed by changing the
distances. For example, the impedance of the circuit can be
decreased by decreasing the distance between the first
ground electrode 2321 and the signal electrode 231 and the
distance between the second ground electrode 2322 and the
signal electrode 231. Therefore, by reasonably designing the
relative position relationship among the signal electrode
231, the first ground electrode 2321 and the second ground
electrode 2322, the impedance matching of the antenna can
be realized, thereby reducing a standing-wave ratio and
further improving the performance of the antenna.

Further, as shown in FIG. 3 to FIG. 8, in some embodi-
ments, the radiation element is the radiation patch 22 on the
first surface. That is, the radiation patch 22, the signal
electrode 231, the first ground electrode 2321 and the second
ground electrode 2322 are all disposed on a same surface of
the substrate 21, which is more convenient for manufactur-
ing. The first terminal of the signal electrode 231 is electri-
cally connected to the radiation patch 22, and the second
terminal of the signal electrode 231 extends to a position
close to the bottom plate 10 along the first direction. That is,
the signal electrode 231 is straight, one terminal of the signal
electrode 231 is electrically connected to the radiation patch
22, and the other terminal of the signal electrode 231 extends
to the position close to the bottom plate 10, so as to achieve
the electrical connection between the signal electrode 231
and the device including the antenna at the position. The
radiation patch 22 and the ground electrode 232 are spaced
from each other in the first direction. An extension line of the
first direction intersects with the bottom plate 10, but a
specific angular relationship between the first direction and
the bottom plate 10 is not limited. Preferably, the first
direction is perpendicular to the bottom plate 10.
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Alternatively, it is understood that the positional relation-
ship among the radiation patch 22, the signal electrode 231,
and the ground electrode 232 is not limited thereto. In other
embodiments not shown in the drawings, the radiation patch
22 and the signal electrode 231 may not be disposed on a
same surface of the substrate 21. For example, the signal
electrode 231 is disposed on the first surface, and the
radiation patch 22 is disposed on the second surface. In this
case, it is necessary to provide holes in the substrate 21
through which the electrical connection between the signal
electrode 231 and the radiation patch 22 is realized by means
of filling metal or the like. In this way, a relatively compli-
cated manufacturing process may be caused and the cost
may be increased, but it belongs to a way which can be
achieved. In addition, in other embodiments not shown in
the drawings, the signal electrode 231 may not be provided
to be straight. For example, the signal electrode 231 has at
least one bent segment. In this case, by reasonably designing
the relative position relationship among the radiation patch
22, the ground electrode 232 and the signal electrode 231,
the electrical connection between the signal electrode 231
and the radiation patch 22 can be ensured, and the param-
eters of the antenna, such as the impedance of the antenna,
etc., can meet the requirements.

It should be noted that the performance of the antenna,
such as a frequency range, the coverage, and the coverage
uniformity, or the like, is mainly related to the parameters,
such as the shape and the size of the radiation patch 22, and
a distance between the radiation patch 22 and the ground
electrode 232, or the like. Therefore, these parameters need
to be further reasonably designed.

As shown in FIGS. 5 to 7, in some embodiments, the
radiation patch 22 has a first edge E1, a second edge E2, and
a third edge E3 on a side of the radiation patch 22 close to
the ground electrode 232 and connected in sequence, and the
signal electrode 231 is electrically connected to the second
edge E2. The first ground electrode 2321 has a fourth edge
E4 facing toward (close to) the first edge E1 in the first
direction, and the second ground electrode 2322 has a fifth
edge E5 disposed toward the third edge E3 in the first
direction. In a second direction perpendicular to the first
direction, a distance L5 between the first edge E1 and the
fourth edge E4 gradually increases along a direction away
from the signal electrode 231 (in a direction indicated by a
left arrow of the “second direction” shown in FIG. 7), and
a distance 1.6 between the third edge E3 and the fifth edge
E5 gradually increases along a direction away from the
signal electrode 231 (in a direction indicated by a right arrow
of the “second direction” shown in FIG. 7). When the first
direction is perpendicular to the bottom plate 10 and the
bottom plate 10 is horizontally mounted on the mounting
body, the second direction is the horizontal direction.

The above structural design can ensure the transmission
performance of the coplanar waveguide transmission line,
and ensure a distance between the radiation patch 22 and the
first ground electrode 2321, and a distance between the
radiation patch 22 and the second ground electrode 2322. A
variation tendency of the distance between the radiation
patch 22 and the first ground electrode 2321 (i.e., the
distance L5 between the first edge E1 and the fourth edge
E4) is gradually increased along the direction away from the
signal electrode 231 (i.e., the direction indicated by the left
arrow in the second direction), and a variation tendency of
the distance between the radiation patch 22 and the second
ground electrode 2322 (i.e., the distance 1.6 between the
third edge E3 and the fifth edge E5) is gradually increased
along the direction away from the signal electrode 231 (i.e.,
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the direction indicated by the right arrow in the second
direction), which can widen a bandwidth of an input imped-
ance, thereby improving an overall operating bandwidth of
the antenna.

Alternatively, it is understood that in other embodiments
not shown in the drawings, the first edge E1 of the radiation
patch 22 and the fourth edge E4 of the first ground electrode
2321 may be parallel to each other, so that the distance L5
between the first edge E1 and the fourth edge E4 is kept
constant in the second direction; and/or, the third edge E3 of
the radiation patch 22 and the fifth edge E5 of the second
ground electrode 2322 may be parallel to each other, so that
the distance [.6 between the third edge E3 and the fifth edge
ES5 is kept constant in the second direction.

It should be noted that the arrangement between the first
edge E1 and the fourth edge E4 and/or between the third
edge E3 and the fifth edge ES5 is not limited. For example,
as shown in FIGS. 5 to 7, in some embodiments, the first
edge E1 and the fourth edge E4 are both disposed obliquely
in opposite directions with respect to the second direction. In
this case, each of the first edge E1 and the fourth edge F4 is
disposed at an angle with respect to the second direction. In
addition, the third edge E3 and the fifth edge ES are both
disposed obliquely in opposite directions with respect to the
second direction. In this case, each of the third edge E3 and
the fifth edge E5 is disposed at an angle with respect to the
second direction. The radiation patch 22, the first ground
electrode 2321 and the second ground electrode 2322 adopt
the above structure, so that the first edge E1, the third edge
E3, the fourth edge E4 and the fifth edge E5 may be disposed
obliquely with respect to the second direction. By reason-
ably designing the angle between each edge and the second
direction, the distance L5 and the distance L6 can be
adjusted more flexibly, and have a greater adjustable range.

Alternatively, it is understood that in other embodiments
not shown in the drawings, one of the first edge E1 and the
fourth edge E4 is parallel to the second direction, and the
other of the first edge E1 and the fourth edge E4 is disposed
obliquely with respect to the second direction, so that the
distance L5 between the first edge E1 and the fourth edge E4
can be gradually increased along the direction away from the
signal electrode 231; and/or one of the third edge E3 and the
fifth edge E5 is parallel to the second direction, and the other
of the third edge E3 and the fifth edge E5 is disposed
obliquely with respect to the second direction, so that the
distance 1.6 between the third edge E3 and the fifth edge E5
can be increased gradually along the direction away from the
signal electrode 231. However, in this way, an adjustment of
the corresponding distance can be realized only by designing
an angle between one of each pair of edges and the second
direction, so that the adjustment flexibility and the adjust-
able range are relatively small.

In particular, as shown in FIGS. 5 to 7, in some embodi-
ments, the first ground electrode 2321 also has a sixth edge
E6 disposed toward the second edge E2 in the first direction,
the sixth edge E6 is parallel to the second edge E2. The sixth
edge E6 is directly connected to the fourth edge E4. In
addition, the second ground electrode 2322 also has a
seventh edge E7 disposed toward the second edge E2 in the
first direction, the seventh edge E7 is parallel to the second
edge E2. The seventh edge E7 is directly connected to the
fifth edge E5. Preferably, a distance between the sixth edge
E6 and the second edge E2 is equal to a distance between the
seventh edge E7 and the second edge E2.

In the particular embodiment shown in FIGS. 5 to 7, the
radiation patch 22 also has an eighth edge E8, a ninth edge
E9, and a tenth edge E10 connected in sequence. A terminal
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of'the eighth edge E8 away from the ninth edge E9 is directly
connected to the first edge E1, and a terminal of the tenth
edge E10 away from the ninth edge E9 is directly connected
to the third edge E3. The eighth edge E8 is parallel to the
tenth edge E10, and the ninth edge E9 is parallel to the
second edge E2.

The first ground electrode 2321 further has an eleventh
edge E11, a twelfth edge E12 and a thirteenth edge E13
connected in sequence. A terminal of the eleventh edge E11
away from the twelfth edge E12 is directly connected to the
fourth edge E4, and a terminal of the thirteenth edge E13
away from the twelfth edge E12 is directly connected to the
sixth edge E6. The eleventh edge El11 is parallel to the
thirteenth edge E13 and the sixth edge E6 is parallel to the
twelfth edge E12.

The second ground electrode 2322 further has a four-
teenth edge E14, a fifteenth edge E15 and a sixteenth edge
E16 connected in sequence. A terminal of the fourteenth
edge E14 away from the fifteenth edge E15 is directly
connected to the fifth edge E5, and a terminal of the
sixteenth edge E16 away from the fifteenth edge E15 is
directly connected to the seventh edge E7. The fourteenth
edge E14 is parallel to the sixteenth edge E16, and the
seventh edge E7 is parallel to the fifteenth edge E15.

The edges of the radiation patch 22, the first ground
electrode 2321 and the second ground electrode 2322 are
straight, and the relationship among the edges is defined as
above, so that approximate shapes (shapes shown in FIGS.
5 to 7) of the radiation patch 22, the first ground electrode
2321 and the second ground electrode 2322 may be
obtained. Alternatively, it is understood that the shapes of the
radiation patch 22, the first ground electrode 2321 and the
second ground electrode 2322 are not limited thereto. In
other embodiments not shown in the drawings, the shape of
each of the radiation patch 22, the first ground electrode
2321 and the second ground electrode 2322 may be designed
as any shape according to practical situations, to provide a
desired radiation field. For example, in the particular
embodiment illustrated in FIG. 8, the first ground electrode
2321 does not include the sixth edge E6, the second ground
electrode 2322 does not include the seventh edge E7, the
fourth edge E4 of the first ground electrode 2321 is directly
connected to the thirteenth edge E13, and the fifth edge ES
of the second ground electrode 2322 is directly connected to
the sixteenth edge E16. In addition, in other embodiments
not shown in the figures, at least one edge of the radiation
patch 22, the first ground electrode 2321 and the second
ground electrode 2322 may also be in a shape of an arc, an
irregular curve, or the like.

Further, as shown in FIGS. 3 to 8, in some embodiments,
the radiation patch 22 is divided into two parts by an
extension line of a central line of the signal electrode 231,
and the two parts are of bilateral symmetry with respect to
the signal electrode 231 (i.e., the first direction). The first
ground electrode 2321 and the second ground electrode
2322 are of bilateral symmetry with respect to the signal
electrode 231. The symmetrical arrangement is more ben-
eficial to the coverage uniformity of the radiation field and
is convenient for processing and manufacturing. Alterna-
tively, it is understood that in other embodiments not shown
in the drawings, the radiation patch 22 may be disposed in
an asymmetric structure, and/or the first ground electrode
2321 and the second ground electrode 2322 may be disposed
in an asymmetric way.

Except that the shape of the radiation patch 22 adversely
affects the performance of the antenna, parameters such as
the size of the radiation patch 22, the distance between the
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radiation patch 22 and the ground electrode 232 also
adversely affect the performance of the antenna. Therefore,
it is necessary to further define the size of the radiation patch
22 and the distance between the radiation patch 22 and the
ground electrode 232.

In some embodiments, a wavelength corresponding to a
center frequency of an operating frequency band of the
antenna (i.e., a frequency band ultimately required by the
antenna) is a reference wavelength Ac. A size L3 of the first
edge E1 in the second direction is 0.14 to 0.16 times of the
reference wavelength Ac, and/or a size L4 of the third edge
E3 in the second direction is 0.14 to 0.16 times of the
reference wavelength Ac, and/or a size 1.7 of the fourth edge
E4 in the second direction is 0.25 to 0.27 times of the
reference wavelength, and/or a size L8 of the fifth edge ES
in the second direction is 0.25 to 0.27 times of the reference
wavelength. In addition, minimum and maximum values of
the distance L5 between the first edge E1 and the fourth edge
E4 and the distance 1.6 between the third edge E3 and the
fifth edge ES are also defined. Specifically, a minimum
distance (i.e., a minimum value of the distance L5) between
the first edge E1 and the fourth edge E4 is 0.014 to 0.015
times of the reference wavelength Ac, and/or a minimum
distance (i.e., a minimum value of the distance [.6) between
the third edge E3 and the fifth edge ES is 0.014 to 0.015
times of the reference wavelength Ac, and/or a maximum
distance (i.e., a maximum value of the distance L5) between
the first edge E1 and the fourth edge E4 is 0.27 to 0.3 times
of the reference wavelength Ac, and/or a maximum distance
(i.e., a maximum value of the distance [.6) between the third
edge E3 and the fifth edge E5 is 0.27 to 0.3 times of the
reference wavelength Ac.

In fact, when each of the first edge E1 and the fourth edge
E4 is disposed at an angle with respect to the second
direction, if the size L3 of the first edge E1 in the second
direction, the size L7 of the fourth edge E4 in the second
direction, and the distance L5 between the first edge E1 and
the fourth edge E4 are determined, the angle between the
first edge E1 and the second direction and the angle between
the fourth edge E4 and the second direction may be sub-
stantially determined; when each of the third edge E3 and
the fifth edge E5 is disposed at an angle with respect to the
second direction, if the size L4 of the third edge E3 in the
second direction, the size L8 of the fifth edge E5 in the
second direction, and the distance [.6 between the third edge
E3 and the fitth edge ES are determined, the angle between
the third edge E3 and the second direction and the angle
between the fifth edge E5 and the second direction may be
substantially determined.

Additionally, in some embodiments, it is necessary to
further define the sizes of the radiation patch 22 in the first
direction and/or the second direction. Specifically, a size .1
of the radiation patch 22 in the first direction is 0.41 to 0.45
times of the reference wavelength Ac, and/or a size .2 of the
radiation patch 22 in the second direction perpendicular to
the first direction is 0.55 to 0.6 times of the reference
wavelength Ac. As shown in FIGS. 3 to 7, when the eighth
edge E8 of the radiation patch 22 is parallel to the tenth edge
E10 and the ninth edge E9 of the radiation patch 22 is
parallel to the second edge E2, the size L1 is a distance
between the ninth edge E9 and the second edge E2, and the
size 1.2 is a distance between the eighth edge E8 and the
tenth edge E10.

In the specific embodiment shown in FIGS. 3 to 7, the
antenna is a vertically polarized omnidirectional antenna,
the substrate 21 is rectangular, and has two long sides
disposed oppositely to each other and two short sides
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connected between the two long sides, wherein the long
sides are parallel to the first direction, and the short sides are
parallel to the second direction. The ninth edge E9, the
second edge E2, the sixth edge E6, the twelfth edge E12, and
the fifteenth edge E15 are all parallel to the short sides, and
the eighth edge ES8, the tenth edge E10, the eleventh edge
E11, and the fourteenth edge E14 are all parallel to the long
sides. The ninth edge E9 is disposed closely to one short
side, and the twelfth edge E12 and the fifteenth edge E15 are
disposed closely to the other short side. The eleventh edge
E11 and the fourteenth edge E14 are disposed closely to the
two long sides, respectively. There is a distance between the
eighth edge E8 and one long side close to the eighth edge ES8,
and there is a same distance between the tenth edge E10 and
the other long side close to the tenth edge E10.

In the above specific embodiment, the operating fre-
quency band of the antenna is in a range of 800 MHz to 2700
MHz; the size L1 of the radiation patch 22 in the first
direction is approximately 76 mm; the size 1.2 of the
radiation patch 22 in the second direction is approximately
100 mm; each of the size L3 of the first edge E1 in the
second direction and the size [.4 of the third edge E3 in the
second direction is approximately 26 mm; each of the
maximum value of the distance L5 between the first edge E1
and the fourth edge E4 and the maximum value of the
distance 1.6 between the third edge E3 and the fifth edge ES
is approximately 48 mm; each of the minimum value of the
distance L5 between the first edge E1 and the fourth edge E4
and the minimum value of the distance L6 between the third
edge E3 and the fifth edge E5 is approximately 5 mm; each
of the size .7 of the fourth edge E4 in the second direction
and the size L5 of the fifth edge ES in the second direction
is approximately 46 mm; and each of the distance between
the second edge E2 and the sixth edge E6 and the distance
between the second edge E2 and the seventh edge E7 is
approximately 2.5 mm. FIGS. 14 and 15 are obtained by the
inventors through simulation for the antenna. FIG. 14 is a
schematic diagram of a S11 characteristic (i.e., a return loss
characteristic) of the antenna, and FIG. 15 is a horizontal
radiation pattern of the antenna. It can be seen from FIG. 14
that return loss values of the antenna in a frequency band in
a range of 0.8 GHz to 2.7 GHz (i.e., in a range of 800 MHz
to 2700 MHZ) are all less than —14 dB and thus, within an
allowable range, so that the antenna can cover the frequency
band in a range of 800 MHz to 2700 MHz, i.e. all frequency
bands of 2G/3G/4G/5G. In addition, it can be seen from FIG.
15 that the radiation field coverage of the antenna in the
horizontal direction is 360°, and the horizontal radiation
pattern has a better roundness and a more uniform coverage.

In some embodiments, the antenna is an omnidirectional
antenna mounted in an indoor environment for covering
indoor signals. Therefore, the antenna is an important com-
ponent of an indoor distribution system. With the advent of
the 5G era, user demands for aesthetic appearance and
concealment of indoor antennas have been increasing.
Therefore, it has become a trend that indoor antennas have
excellent light transmission characteristics to exhibit a trans-
parent effect.

Specifically, the substrate 21 is transparent. The substrate
21 is mainly used for supporting the radiation patch 22, the
feeding structure 23, and the like, so that the substrate 21 is
generally made of a transparent hard material, such as an
organic polymer material (such as polymethyl methacrylate
(PMMA), which is also called acrylic or organic glass).
Further, as shown in FIGS. 3 to 8, 10, 11 and 12, the antenna
body 20 further includes a transparent conductive film 24,
and the transparent conductive film 24 includes a metal
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conductive layer 241, a transparent substrate layer 242 and
a transparent adhesive layer 243 which are sequentially
stacked. The transparent adhesive layer 243 is used for
adhering with the first surface and/or the second surface of
the substrate 21. The metal conductive layer 241 is etched to
form the radiation patch 22, the signal electrode 231, and the
ground electrode 232 in a mesh, so that the radiation patch
22, the signal electrode 231, and the ground electrode 232
are all transparent, thereby rendering the whole antenna
body 20 to have the transparent effect.

The transparent substrate layer 242 may be regarded as a
transparent flexible film as a substrate for supporting the
metal conductive layer 241, and be usually made of a
transparent flexible material, such as polyethylene tereph-
thalate (PET), copolymers of cycloolefin (COP), polyimide
(PD), etc. The metal conductive layer 241 may be deposited
on the transparent substrate layer 242 through a physical
vapor deposition process, a chemical vapor deposition pro-
cess or the like. The metal conductive layer 241 is neces-
sarily made of a metal material having a good conductive
property, such as copper, silver, or the like. The solid metal
conductive layer 241 may be cut through an etching process
to form numerous hollowed holes, thereby forming a mesh,
so that the metal conductive layer 241 has excellent light
transmission characteristics, and the transparent conductive
film 24 with a transparent effect is obtained. In the etching
process, the radiation patch 22, the signal electrode 231 and
the ground electrode 232 may be formed by directly etching
according to the designed parameters, such as the shape, size
and arrangement orientation of each of the radiation patch
22, the signal electrode 231 and the ground electrode 232
(for example, the first ground electrode 2321 and the second
ground electrode 2322), so that the radiation patch 22, the
signal electrode 231 and the ground electrode 232 finally
exhibit the transparent effect. The transparent adhesive layer
243 may be a transparent adhesive, such as an optical clear
adhesive (OCA) optical adhesive, which is a special sub-
strate-free double-sided adhesive having an optical trans-
parency. The transparent conductive film 24 may be finally
attached to the substrate 21 through the adhesion between
the transparent adhesive layer 243 and the first surface
and/or the second surface of the substrate 21. It can be seen
that the radiation patch 22, the signal electrode 231, and the
ground electrode 232 can be made transparent by providing
the transparent conductive film 24, and the substrate 21 is
also made transparent, so that the whole antenna body 20 has
atransparent effect, and further, the aesthetic appearance and
concealment can be improved, and the processing and
manufacturing are convenient.

In order to simultaneously achieve both the light trans-
mittance of the transparent conductive film 24 and the
electrical conductivity and mechanical strength of each
structure formed by the metal conductive layer 241, it is
necessary to further define a thickness of the metal conduc-
tive layer 241 and parameters of the mesh thereon. Specifi-
cally, as shown in FIG. 13, in some embodiments, each of
the holes formed by etching the metal conductive layer 241
is rectangular, for example, square; a line width D1 of the
mesh formed by the metal conductive layer 241 is in a range
of 2 um to 30 um; a line spacing D2 of the mesh formed by
the metal conductive layer 241 is in a range of 50 um to 200
um; the thickness of the metal conductive layer 241 is in a
range of 1 um to 10 um; the finally formed transparent
conductive film 24 has the light transmittance in a range of
70% to 88%; and a thickness of the transparent conductive
film 24 is in a range of 25 um to 100 um.
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It should be noted that in the specific embodiment shown
in FIG. 3 to FIG. 7, the radiation patch 22, the signal
electrode 231 and the ground electrode 232 (the first ground
electrode 2321 and the second ground electrode 2322) are
located on the first surface of the substrate 21. In this case,
the transparent substrate layer 242 completely covering the
first surface and the metal conductive layer 241 completely
covering the transparent substrate layer 242 may be dis-
posed; and the radiation patch 22, the signal electrode 231
and the ground electrode 232 may be directly formed on the
metal conductive layer 241 by etching, so that the processing
and manufacturing is simpler and the cost is saved. Alter-
natively, it is understood that in other embodiments, the
radiation patch 22, the signal electrode 231, or the ground
electrode 232 may be formed by etching a plurality of metal
conductive layers 241, respectively.

As shown in FIGS. 3 to 9, in some embodiments, the
antenna further includes a signal transmission structure 30,
which penetrates from a side of the bottom plate 10 close to
the mounting body to a side of the bottom plate 10 where the
antenna body 20 is disposed. The signal transmission struc-
ture 30 includes a first conductive portion 31 and a second
conductive portion 32 insulated from each other. The signal
transmission structure 30 is configured to be electrically
connected to the feed-forward circuit of the device including
the antenna. The specific type of the signal transmission
structure 30 is not limited, and may be any structure capable
of achieving the signal transmission, such as a coaxial cable,
a flexible circuit board, or the like. When the signal trans-
mission structure 30 is a coaxial cable, an inner conductor of
the coaxial cable forms the first conductive portion 31, and
an outer conductor forms the second conductive portion 32.
Alternatively, a first conductive sheet extending out is con-
nected to the inner conductor of the coaxial cable, and two
second conductive sheets extending out are connected to the
outer conductor of the coaxial cable; the first conductive
sheet forms the first conductive portion 31, and the second
conductive sheets form the second conductive portion 32.

Further, when the metal conductive layer 241 is etched, a
first solid metal portion 2411 and a second solid metal
portion 2412 are formed by remaining, and are electrically
connected to the signal electrode 231 and the ground elec-
trode 232, respectively. The first conductive portion 31
electrically cooperates with the first solid metal portion 2411
to enable the signal electrode 231 to transmit radio fre-
quency signals, and the second conductive portion 32 elec-
trically cooperates with the second solid metal portion 2412
to enable the ground electrode 232 to be grounded. The first
solid metal portion 2411 and the second solid metal portion
2412 are formed by remaining when the metal conductive
layer 241 is etched, and no additional conductive structure
is needed, thereby saving process steps and cost. It is noted
that the electrical connection between the first conductive
portion 31 and the first solid metal portion 2411, and the
electrical connection between the second conductive portion
32 and the second solid metal portion 2412 are not limited.
The electrical connection between the two portions to be
electrically connected to each other may be achieved while
achieving a mechanical connection therebetween by means
of soldering or the like. Alternatively, the electrical connec-
tion between the two portions to be electrically connected to
each other may be achieved at a position only in a way of
conductive contact, a capacitive coupling feed, or the like,
without the mechanical connection therebetween at this
position.

The embodiment has been descripted in detail above in
which the signal electrode 231, the first ground electrode
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2321 and the second ground electrode 2322 together form
the coplanar waveguide transmission line. However, it is
understood that the arrangement of the signal electrode 231
and the ground electrode 232 is not limited thereto. As
shown in FIGS. 10 and 11, in other embodiments, the
substrate 21 has the first surface and the second surface
opposite to each other; the signal electrode 231 is arranged
on the first surface; the ground electrode 232 is arranged on
the second surface; and the signal electrode 231 and the
ground electrode 232 at least partially correspond to each
other in a thickness direction of the substrate 21. The
structure and the arrangement position of the radiation
element are not limited. The signal electrode 231 and the
ground electrode 232 together form a microstrip transmis-
sion line, which can also achieve the functions of transmit-
ting radio frequency signals and grounding.

When the radiation element is the radiation patch 22, the
radiation patch 22 is typically disposed on the first surface,
but may be disposed on the second surface. Accordingly, the
radiation patch 22, the signal electrode 231, and the ground
electrode 232 may be formed in such a manner that the
transparent conductive film 24 is provided as described
above. However, during manufacturing, it is necessary to
provide the transparent substrate layer 242 and the metal
conductive layer 241 on both the first surface and the second
surface of the substrate 21, and it is necessary to etch the
metal conductive layers 241 on both the first surface and the
second surface, respectively, to form the corresponding
radiation patch 22, the signal electrode 231, or the ground
electrode 232. Thus, the process is relatively more complex
and costly, but still a way to do so.

As shown in FIGS. 3, 4 and 10, in some embodiments, the
antenna further includes an outer cover 40 and a fixing
structure; the outer cover 40 is covered above the bottom
plate 10 and is covered on the outside of the antenna body
20; and the fixing structure is used for connecting the
antenna body 20 and the bottom plate 10, and/or for con-
necting the outer cover 40 and the bottom plate 10, and/or
for connecting the bottom plate 10 and the mounting body.
The bottom plate 10, the outer cover 40 and the fixing
structure are all transparent, so that the antenna can present
a better transparent effect as a whole, thereby improving the
aesthetic appearance and concealment. The transparent
material used for the bottom plate 10, the outer cover 40 and
the fixing structure may be the same as that used for the
substrate 21. For example, the transparent material is an
organic polymer material such as polymethyl methacrylate
(PMMA), that is, acrylic (or organic glass).

In addition, it should be noted that a gap is required to be
existed between the outer cover 40 and the antenna body 20,
that is, the outer cover 40 and the antenna body 20 are not
in contact with each other. A distance between the outer
cover 40 and the antenna body 20 also adversely affects the
performance, such as the distribution of the radiation field,
to a certain extent. For example, in some embodiments, a
width (i.e., a size of the short side of the substrate 21) of the
antenna body 20 is 0.65 to 0.75 times of the reference
wavelength Ac, a height (i.e., a size of the long side of the
substrate 21) of the antenna body 20 is 0.9 to 1 times of the
reference wavelength Ac, a diameter of the entire antenna
(i.e., a diameter of the outer cover 40) is 1.1 to 1.2 times of
the reference wavelength Ac, and a height (which is approxi-
mately equal to a height of the outer cover 40) of the entire
antenna is 1 to 1.2 times of the reference wavelength Ac. In
the particular embodiment shown in FIG. 3, the width (i.e.,
the size of the short side of the substrate 21) of the antenna
body 20 is approximately 125 mm, the height (i.e., the size



US 12,294,163 B2

19

of the long side of the substrate 21) of the antenna body 20
is approximately 165 mm, the diameter (i.e., the diameter of
the outer cover 40) of the entire antenna is approximately
198 mm, and the height (which is approximately equal to the
height of the outer cover 40) of the entire antenna is
approximately 177 mm.

The specific type, the specific structure and the specific
application of the fixing structure are not limited, and the
fixing structure may be used to connect the antenna body 20
and the bottom plate 10, to connect the outer cover 40 and
the bottom plate 10, and to connect the bottom plate 10 and
the mounting body. Taking the fixing structure for connect-
ing the antenna body 20 and the bottom plate 10 as an
example, as shown in FIG. 3, FIG. 4 and FIG. 10, in some
embodiments, the fixing structure includes an antenna body
positioning element 51 and a fastener, the antenna body
positioning element 51 includes a first connection portion
511 and a second connection portion 512 with an angle
therebetween; the first connection portion 511 is connected
to the first surface and/or the second surface of the substrate
21 through the fastener (not shown in the figures), and the
second connection portion 512 is connected to the bottom
plate 10 through the fastener, thereby achieving a simple
structure and a reliable connection.

In general, the angle between the first connection portion
511 and the second connection portion 512 is determined
according to an angle between the plane where the substrate
21 is located and the bottom plate 10. For example, when the
plane where the substrate 21 is located is perpendicular to
the bottom plate 10, the first connection portion 511 and the
second connection portion 512 are also perpendicular to
each other, and a longitudinal section of the antenna body
positioning element 51 is substantially “L.-shaped™, so that
the first connection portion 511 can be attached to the
surface of the substrate 21, and the second connection
portion 512 can be attached to the bottom plate 10, thereby
improving the accuracy of positioning the substrate 21. In
addition, the specific type of the fastener is not limited, and
the fastener may be a fastening structure such as a bolt, a
screw, a buckle, or the like. It should be noted that the
antenna body positioning element 51 and the fastener need
to be made of transparent materials. Alternatively, it is
understood that the specific structure of the antenna body
positioning element 51 is not limited thereto. In other
embodiments not shown in the drawings, other structures,
such as a positioning block having a neck or the like, capable
of achieving the effective positioning between the substrate
21 and the bottom plate 10 may also be adopted. For
example, the positioning block is fixed on the bottom plate
10, and the substrate 21 is clipped into the neck.

It should be understood that the above embodiments are
merely exemplary embodiments adopted to explain the
principles of the present disclosure, and the present disclo-
sure is not limited thereto. It will be apparent to one of
ordinary skill in the art that various changes and modifica-
tions may be made therein without departing from the spirit
and scope of the present disclosure, and such changes and
modifications also fall within the scope of the present
disclosure.

What is claimed is:

1. An antenna, comprising a bottom plate for being
connected with a mounting body and an antenna body on the
bottom plate;

wherein the antenna body comprises:

a substrate fixedly connected to the bottom plate; wherein

aplane where the substrate is located intersects with the
bottom plate;
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a radiation element on the substrate; and

a feeding structure configured to transmit radio frequency
signals to the radiation element and/or receive radio
frequency signals from the radiation element and com-
prising a signal electrode and a ground electrode on a
surface of the substrate;

wherein the signal electrode is electrically connected to
the radiation element; and

on a reference plane perpendicular to the bottom plate, an
orthographic projection of the ground electrode is
spaced apart from an orthographic projection of the
radiation element, and is entirely located between the
orthographic projection of the radiation element and the
bottom plate;

wherein the substrate comprises a first surface and a
second surface opposite to each other;

the ground electrode comprises a first ground electrode
and a second ground electrode;

the signal electrode, the first ground electrode and the
second ground electrode are on the first surface; and

the first ground electrode and the second ground electrode
are on both sides of the signal electrode, respectively,
and are spaced from the signal electrode;

wherein the radiation element is a radiation patch on the
first surface;

a first terminal of the signal electrode is electrically
connected to the radiation patch;

a second terminal of the signal electrode extends to a
position close to the bottom plate along a first direction;
and

the radiation patch and the ground electrode are spaced
from each other along the first direction; and

wherein the radiation patch comprises a first edge, a
second edge, and a third edge on a side of the radiation
patch close to the ground electrode and connected in
sequence;

the signal electrode is electrically connected to the second
edge;

the first ground electrode comprises a fourth edge facing
toward the first edge in the first direction;

the second ground electrode comprises a fifth edge facing
toward the third edge in the first direction;

wherein in a second direction perpendicular to the first
direction, a distance between the first edge and the
fourth edge gradually increases along a direction away
from the signal electrode, and

a distance between the third edge and the fifth edge
gradually increases along a direction away from the
signal electrode.

2. The antenna of claim 1, wherein the first edge and the
fourth edge are both disposed obliquely in opposite direc-
tions with respect to the second direction; and/or

the third edge and the fifth edge are both disposed
obliquely in opposite directions with respect to the
second direction.

3. The antenna of claim 2, wherein a wavelength corre-
sponding to a center frequency of an operating frequency
band of the antenna is a reference wavelength;

a size of the radiation patch in the first direction is 0.41 to

0.45 times of the reference wavelength, and/or

a size of the radiation patch in the second direction
perpendicular to the first direction is 0.55 to 0.6 times
of the reference wavelength.

4. The antenna of claim 2, wherein the radiation patch is
divided into two parts by an extension line of a central line
of the signal electrode, and the two parts are of bilateral
symmetry with respect to the signal electrode;
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and/or the first ground electrode and the second ground
electrode are of bilateral symmetry with respect to the
signal electrode.

5. The antenna of claim 1, wherein the first ground
electrode further comprises a sixth edge facing toward the
second edge in the first direction, and the sixth edge is
parallel to the second edge; and/or

the second ground electrode further comprises a seventh

edge facing toward the second edge in the first direc-
tion, and the seventh edge is parallel to the second edge.
6. The antenna of claim 5, wherein a wavelength corre-
sponding to a center frequency of an operating frequency
band of the antenna is a reference wavelength;
a size of the radiation patch in the first direction is 0.41 to
0.45 times of the reference wavelength, and/or

a size of the radiation patch in the second direction
perpendicular to the first direction is 0.55 to 0.6 times
of the reference wavelength.
7. The antenna of claim 1, wherein a wavelength corre-
sponding to a center frequency of an operating frequency
band of the antenna is a reference wavelength;
a size of the first edge in the second direction is 0.14 to
0.16 times of the reference wavelength, and/or

a size of the third edge in the second direction is 0.14 to
0.16 times of the reference wavelength, and/or

a size of the fourth edge in the second direction is 0.25 to
0.27 times of the reference wavelength, and/or

a size of the fifth edge in the second direction is 0.25 to
0.27 times of the reference wavelength, and/or

a minimum distance between the first edge and the fourth
edge is 0.014 to 0.015 times of the reference wave-
length, and/or

a minimum distance between the third edge and the fifth

edge is 0.014 to 0.015 times of the reference wave-
length, and/or

a maximum distance between the first edge and the fourth

edge is 0.27 to 0.3 times of the reference wavelength,
and/or

a maximum distance between the third edge and the fifth

edge is 0.27 to 0.3 times of the reference wavelength.
8. The antenna of claim 1, wherein a wavelength corre-
sponding to a center frequency of an operating frequency
band of the antenna is a reference wavelength;
a size of the radiation patch in the first direction is 0.41 to
0.45 times of the reference wavelength, and/or

a size of the radiation patch in the second direction
perpendicular to the first direction is 0.55 to 0.6 times
of the reference wavelength.

9. The antenna of claim 1, wherein the radiation patch is
divided into two parts by an extension line of a central line
of the signal electrode, and the two parts are of bilateral
symmetry with respect to the signal electrode;

and/or the first ground electrode and the second ground

electrode are of bilateral symmetry with respect to the
signal electrode.

10. The antenna of claim 1, wherein the antenna is an
omnidirectional antenna; and/or

a polarization of the antenna is a vertical polarization.

11. The antenna of claim 1, wherein the plane where the
substrate is located is perpendicular to the bottom plate; and

a surface of the substrate acts as the reference plane.

12. An antenna, comprising a bottom plate for being
connected with a mounting body and an antenna body on the
bottom plate;

wherein the antenna body comprises:
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a substrate fixedly connected to the bottom plate; wherein
aplane where the substrate is located intersects with the
bottom plate;

a radiation element on the substrate; and

a feeding structure configured to transmit radio frequency
signals to the radiation element and/or receive radio
frequency signals from the radiation element and com-
prising a signal electrode and a ground electrode on a
surface of the substrate;

wherein the signal electrode is electrically connected to
the radiation element; and

on a reference plane perpendicular to the bottom plate, an
orthographic projection of the ground electrode is
spaced apart from an orthographic projection of the
radiation element, and is entirely located between the
orthographic projection of the radiation element and the
bottom plate;

wherein the substrate comprises a first surface and a
second surface opposite to each other;

the ground electrode comprises a first ground electrode
and a second ground electrode;

the signal electrode, the first ground electrode and the
second ground electrode are on the first surface; and

the first ground electrode and the second ground electrode
are on both sides of the signal electrode, respectively,
and are spaced from the signal electrode, wherein the
radiation element is a radiation patch;

the substrate is transparent;

the antenna body further comprises a transparent conduc-
tive film;

the transparent conductive film comprises a metal con-
ductive layer, a transparent substrate layer and a trans-
parent adhesive layer sequentially stacked;

wherein the metal conductive layer is etched to form the
radiation patch, the signal electrode, and the ground
electrode in a mesh, so that the radiation patch, the
signal electrode, and the ground electrode are all trans-
parent; and

the transparent adhesive layer is used for adhering with
the first surface and/or the second surface of the sub-
strate.

13. The antenna of claim 12, wherein a thickness of the
metal conductive layer is in a range of 1 micron to 10
microns, and/or

a line width of the mesh formed by the metal conductive
layer is in a range of 2 microns to 30 microns, and/or

a line spacing of the mesh formed by the metal conductive
layer is in a range of 50 microns to 200 microns.

14. The antenna of claim 12, further comprising a signal
transmission structure, which penetrates from a side of the
bottom plate close to the mounting body to a side of the
bottom plate where the antenna body is disposed;

wherein the signal transmission structure comprises a first
conductive portion and a second conductive portion
insulated from each other;

the metal conductive layer is etched to remain a first solid
metal portion and a second solid metal portion, which
are electrically connected to the signal electrode and
the ground electrode, respectively;

the first conductive portion electrically cooperates with
the first solid metal portion to enable the signal elec-
trode to transmit radio frequency signals; and

the second conductive portion electrically cooperates with
the second solid metal portion to enable the ground
electrode to be grounded.

15. The antenna of claim 12, further comprising an outer

cover and a fixing structure;
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wherein the outer cover is covered above the bottom plate

and is covered on outside of the antenna body; and

the fixing structure is used for connecting the antenna

body with the bottom plate, and/or for connecting the
outer cover with the bottom plate, and/or for connect- 5
ing the bottom plate with the mounting body;

wherein the bottom plate, the outer cover and the fixing

structure are all transparent.

16. The antenna of claim 15, wherein the fixing structure
comprises an antenna body positioning element and a fas- 10
tener;

the antenna body positioning element comprises a first

connection portion and a second connection portion
with an angle therebetween;

the first connection portion is connected to the first 15

surface and/or the second surface of the substrate
through the fastener, and

the second connection portion is connected to the bottom

plate through the fastener.
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